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Abstract 
The paper presents latest means of stress state determination in structure parts while taking advantage of isolines’ field. The field is 
scanned photographically and examined through computer technology. For such purposes, our department has designed and tested 
assistance computer programmes Photoelast and PhotoStress.                   
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Nomenclature 
N isochromatic fringe order (-) 
t thickness of photoelastic coating (model) (mm) 
ǻt change in the thickness of photoelastic coating (model) after loading (mm) 
H colour hue 
S colour saturation 
V brightness  
Greek symbols
İ1, İ2 principal relative strains (ȝm/m) 
İm mean principal relative strains (ȝm/m) 
ı1, ı2 principal normal stresses (MPa)   
ȝ Poisson’s ratio (-) 
ĮH angle (isoclinic) parameter (°) 
1. Introduction 
The method is based on the refraction of visible spectrum of electromagnetic waves and allows us to determine stress state 
on the whole surface of a structure part. Light refraction can be observed in photosensitive materials which have the ability 
of temporary light birefringence after being loaded. Photosensitive material can either be applied to the surface of a test part 
or can be modelled. Through the refraction of light waves in a loaded photosensitive material arises a field of dark lines 
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(isoclinic fringes) and colourful lines (isochromatic fringes). Examining these lines we can determine stress state of a tested 
object. In order to make evaluations faster and to avoid errors made by a person performing qualitative identification of the 
fringes, two independent programmes were developed, i.e. Photoelast and PhotoStress. 
2. Mathematical formulation 
First, with programme Photoelast, we considered the use of mathematical method of characteristics [1]. Characteristic 
curves which arise when using the method exhibit closest similarities to those which appear with temporary light 
birefringence. As a result, we derived the following set of equations: 
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where index trf ,= . 
For reflection photoelasticity we apply the relation kk
r
2=  and for transmission photoelasticity the relation kkt =  is 
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1k , here ȝ stands for Poisson’s ratio of tested material. The set of partial differential equations (1) 
represents quasilinear equations of hyperbolic type in which the unknown are partial derivatives of solved functions which 
are represented by ( )yxf
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, where ( ) 221 εεε +=m  is the mean value of principal relative strains or ĮH (x, y) is deflection 
angle of the greater of principal strains and dimensionless value fİ is the strain fringe constant. For the equations in (1) 
isochromatic fringe order N (x, y) observed in reflection material, which is applied to the test surface or transmission model, 
is to be determined by means of an experiment. The solution as stated above enables us to examine stress state directly 
through the analysis of colour spectrum, i.e. from isochromatic fringes. The identification of isoclinic fringes is in this case 
not necessary, what makes the process easier. The method of characteristics was used in the process of Photoelast
programme development.  
3. Automation of experiments 
Correct determination of the order of isochromatic fringes N can be difficult. The principle is to correctly identify colour 
spectrum which represents isochromatic fringes. Being aware of these difficulties we decided to automate the experiment by 
setting up the measurement chain so that it includes a PC and a recording device (Fig. 1). This adjustment was used for both 
Photoelast and PhotoStress programmes. The automation is a way in which we can make the determination of principal 
relative strains faster even for more than one point of the test structure part [2]. 
Fig. 1 The picture above illustrates the arrangement of measurement chain. 
The core element in the development of Photoelast programme was the set of equations (1). In addition, it was necessary 
to implement a programme which would identify levels of RGB (Red, Green, Blue) colour spectrum components of 
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isochromatic curves. These vary in the interval of 0 to 255 units. The process under consideration is advantageous in the 
sense that no additional information is required.  
The PhotoStress product includes three stress-separation techniques - the method of inclined illumination of some 
photosensitive layer (model), shear difference method and Slitting. The inclusion of the three separation techniques required 
determination of the share that principal relative strains İ1, İ2 have in the stress state of the structure part. Unlike Photoelast, 
PhotoStress programme does require records of isoclinic fringes. Such records are needed only for determination of 
principal relative strain directions or ĮH deflection angle of the greater of principal strains. Isochromatic fringes can further 
offer information that can be helpful when identifying component levels of the colour spectrum in particular pixels. The 
value of RGB colour spectrum indicates relative intensity of red, green and blue colour. This was not sufficient when using 
PhotoStress programme, hence, the advantage of HSV colour space was taken. The programme includes algorithm for RGB 
to HSV colour space conversion. HSV colour space has the following components: H (Hue - colour tone, determines 
dominant spectral colour), S (Saturation - determining degree of colour “purity”), V (value of brightness which indicates the 
range of bright and grey colour). Colour spectrum under consideration needs to be identified so as to determine the 
allotment of principal relative strains İ1, İ2 together with the stress state of the structure part. Each value H is assigned the 
value of isochromatic fringe order N in tested point (pixel). Tested points in the area which was determined by a mask were 
indexed by means of an algorithm based on cyclical repetition of FloodFill algorithm with 8 directions. The indexation 
starts in marked points of an area and then continuous in the whole area determined by the mask. Transformation (or 
conversion) function allows us to determine the value of isochromatic fringe order from identified colour and point index. 
This function can be set up in accordance with calibration measurements [3, 4].  
4. Application of the programmes in experiments  
In the first stage we decided to test the programmes on geometrically symmetrical and stress-symmetrical samples. We 
made such decision with respect to a simple control of measurement system and for the purposes of comparison of both 
programmes. Sample loading and other conditions were in both cases, when the two programmes were used, identical. At 
the same time, we independently measured changes in sample thickness before and after loading. This was done by means 
of ultrasonic thickness gauge NOVA TG400. The above-mentioned measurement was done independently of photoelasticity 
measurement and it gave us summations of principal relative strains. Based on given summations we were able to check the 
values of principal relative strains İ1, İ2 while working with the following relationship: 
t
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1
21 ,        (2) 
where t represents thickness of the layer (model) and ǻt stands for the change of thickness after loading [5, 6]. 
Values of principal relative strains as well as principal stresses that were separated by means of Photoelast and 
PhotoStress programme are listed in Tab. 1. In addition, the table includes summations of principal relative strains that were 
identified using ultrasonic thickness gauge NOVA TG400. For the huge range of measured values, Tab. 1 includes only 
those data that relate to one particular measurement point. The measurement point is marked in Fig. 2c, Fig. 3c and Fig. 4c. 
                  
                                                       a)                                         b)                                         c)  
Fig. 2 a) shape of sample A and loading direction; b) half-orders of isochromatic fringes; c) whole orders of isochromatic fringes. 
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                                               a)                                         b)                                                 c)  
Fig. 3 a) shape of sample B and loading direction; b) half-orders of isochromatic fringes; c) whole orders of isochromatic fringes. 
        
                                        a)                                                      b)                                                       c)  
Fig. 4 a) shape of sample C and loading direction; b) half-orders of isochromatic fringes; c) whole orders of isochromatic fringes. 
The set of pictures (Fig. 2, Fig. 3, Fig. 4) even displays shapes of samples, loading direction, measurement point and 
isochromatic fringes of whole and half-orders which were scanned for both programmes with a recording medium. Within 
the experiment, a photosensitive material PS-1A was used. Its material characteristics and features (modulus of elasticity, 
Poisson’s ratio and fringe constant of relative strain) can be found in related catalogue. In the experiment we used reflection 
polariscope LF/Z-2 from company Vishay [7, 8]. 
                    Table 1. Separated values in measurement points A1, B1 a C1 of the samples  
separated principal relative strains  
(ȝm/m) 
separated principal normal stresses 
(MPa) 
software  
Photoelast
software  
PhotoStress
software 
Photoelast
software 
PhotoStress
summation of 
principal relative 
strains 
(ȝm/m) 
sa
m
pl
e 
İ1 İ2 İ1+İ2 İ2 ı1 ı2 ı1 ı2 İ1+İ2
A 388.1 −524.3 −134.3 −522.3 0.71 −1.37 0.72 −1.36 −134.3 
B 4617.0 −2218.0 4624.6 −2223.6 13.60 −1.98 13.62 −1.99 2400.3 
C 518.8 −310.3 515.6 −309.1 1.45 −0.44 1.44 −0.44 207.2 
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5. Conclusions 
The above-stated has proved that the interconnection of a method based on electromagnetic waves with a computer, 
provided that a good recording medium is used simultaneously, can cut time needed for the analysis of values given by the 
experiment.  
As for this paper, the advantages could be listed as follows: 
• through the processed equations (1) in the method of characteristics we have prepared the ground for automation of the 
experiment, 
• assistance programmes Photoelast and PhotoStress were developed to automate the separation of stresses from the field 
of isolines, 
• we prepared methodology of the experiment, 
• the above-stated method eliminates errors which may occur when isolines are identified incorrectly. 
Minor differences in results of strain measurement and stress separation on the samples have proved that the experiment 
can be carried out by means of both methods, i.e. using either Photoelast or PhotoStress programme [9, 10, 11].
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